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Motivation
Spectral line survey toward G327.3-0.6
● Precise rotational transition frequencies 
within excited torsional and vibrational 
states are needed for line identifications in 
astronomical spectra 
See also plenary talk: RA04 - Cernicharo
● Analysis of rotational spectra of 
vibrationally excited states often 
complicated 
● Rotationally resolved vibrational spectra provide important 
information to support line assignments in pure rotational spectra 
(e.g. combination differences)
● Can we simplify line assignments in vibrational spectra if ground 
state is already well characterized?
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Automated Spectral Assignment Procedure
Energies of reference states have to be well known from previous analysis 
(e.g. pure rotational spectrum within the vibrational ground state)
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Example S2O
S2O: ν2 bending mode:  Martin-Drumel et al. (2015)
 ν3 mode and the ν3 + ν2 - ν2 hot band: Thorwirth et al. (2016)
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Cross Correlation Plots
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Loomis–Wood type plot of the cross-correlation spectra
→ Calculate energy of 
the target state
→ State energy listing
→ Calculate transition 
frequencies
→ Identify offset position
Ka = 15, Ka + Kc = J
Offset 
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Spectra 
Propionitrile
Butyronitrile
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Propionitrile
ν20 – CCN out-of-plane bend (373 cm-1)
ν12 – CCC deformation (534 cm-1)
ν13 – CCN in-plane bend (206 cm-1)
ν21 – Torsion (212 cm-1)
Daly et al., APJ 768, 81 (2013)
Mäder et al., Z.Naturforsch. A29, 164 (1973)
Laurie et al., JCP 31, 1500 (1959)
a-type
c-type
Ground State  (CDMS)
Brauer et al., APJ Suppl. Ser. 184, 133 
(2009)
Fukuyama et al., JMS 193, 72 (1999)
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Cross Correlation Plots - ν20
Offset [cm-1]
J
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Cross Correlation Plots - ν20
Ka = 5 Ka = 10 Ka = 15
Offset [cm-1] Offset [cm-1] Offset [cm-1]
J
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ν12 – deformation
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ν20 – CCN bend
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Accuracy of derived transition frequencies
σ ~ 8 MHz
● Spectral resolution: ~ 30 MHz
● Typ. line uncertainty: ~ 3 MHz 
Fourier Transform Spectrometer @ Soleil
Comparison with Daly et. al. (2013) 
pure rotational transition within ν12 = 1
Max. | fDaly - fASAP| = 34 MHz
Total number of compared Lines: 487
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ASAP for astronomcial spectra
● Transition frequencis are well 
known from laboratory studies
➔ Calculate Cross-Correlation plot 
including all transitions of the 
molecular species
➔ Peak at zero offset indicates 
probable detection
➔ First test with
CH3CN, CH3OCHO, CH3O13CHO,  
NCO, Glycine, CH3OCH3, 
Feng et al., A&A 581, A71 (2015) 
Can ASAP be used to indicate potential detection of molecules?
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First results
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First results
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Outlook
● Investigate the torsion (ν21) and the in-plane bend 
(ν13) of propionitrile.
● Is the spectrum of butyronitrile too dense to use 
ASAP?
● Extend our studies on the capabilities of ASAP to 
identify molecular fingerprints in astronomical line 
surveys.
International Symposium on High Resolution Spectroscopy 2016Christian Endres 24.6.2016
Acknowledgments
● SOLEIL for providing beamtime on the AILES beamline 
● Deutsche Forschungsgemeinschaft (DFG) through 
Grant SFB 956 and Grant TH 1301/3-2. 
● Smithsonian Astrophysical Observatory 
● NASA grant NNX13AE59G 
